Abstract -Three countries in South America are jointly developing a reference system for measuring electric power up to 100 kHz. The objective is the construction of three similar measuring systems, one for each institute. The measuring system and the current status of the development of its modules are described here. This project will contribute to provide calibration services in measuring ranges still not covered by the three institutes both in ac-dc transfer and in electric power.
I. INTRODUCTION
International comparisons on harmonic power are being planned at the level of the Consultative Committee on Electricity and Magnetism (CCEM) and of the Inter-American System of Metrology (SIM).
To address this concern, the Instituto Nacional de Metrologia, Qualidade e Tecnologia (Inmetro), in Brazil, the Instituto Nacional de Tecnología Industrial (INTI), in Argentina, and the Administración Nacional de Usinas y Transmisiones Eléctricas (UTE), in Uruguay, are jointly developing a reference system for measuring electric power up to 100 kHz. The objective is the construction of three similar measuring systems, one for each institute.
II. MEASURING SYSTEM
Calibration systems for harmonic power analyzers and power quality measuring instruments generally consist of a digital generator with two independent channels (one for voltage and one for current). Arbitrary voltage and current waveforms are programmed and applied to the instrument under calibration. The amplitude ratio and phase displacement of the two signals can be adjusted by changing the generator settings. Voltage dividers and current shunts with ratio errors and phase displacements correctable by software in the frequency range of interest are used to convert with high accuracy the high voltages and currents to the relatively low voltages required by the digitizer inputs. The harmonic parameters of such waveforms and the electric power are estimated from the digitized data and the resulting estimates are compared with the readings of the device under calibration.
The reference measuring system comprises (see Fig. 1  below) : an arbitrary waveform function generator with two synchronized channels, a power amplifier, a transconductance amplifier, a resistive voltage divider, a current shunt and a digitizer with two synchronized channels. 
III. MAJOR DEVELOPMENTS

A. Arbitrary Waveform Function Generator
A two-channel version of the design described in [1] [2] was implemented. The circuits and printed circuit boards (PCB) were designed by INTI. The circuit components were purchased by Inmetro and PCBs manufactured in Brazil, all being transported to INTI for final assembly and integration.
B. Power Amplifier
The power amplifier is used to boost the output of one channel of the generator to a nominal of 240 V rms. In addition, the amplifier is designed to supply up to 60 mA rms to accommodate the burden requirements without causing any significant error. The National Institute of Standards and Technology (NIST) collaborated with its development. The design is based on a one-stage version of [3] . The amplifiers were assembled at Inmetro.
C. Transconductance Amplifier
A transconductance amplifier ideally produces a current in a load proportional to an input voltage and maintains that current independent of the load terminal voltage. A total of 4 (four) transconductance amplifiers with Vishay resistors in critical circuit nodes to increase stability are currently being assembled at Inmetro each covering the following ranges: 20 mA, 200 mA, 5 A, and 20 A (the first three ranges with linear power supplies). No digital circuits are used to reduce noise. The amplifier circuits, PCBs and product integration were all designed by Inmetro based on [4] .
D. Resistive Voltage Divider
There are 9 (nine) resistive voltage dividers to be used one at a time whose (binary) nominal value (from 4 V to 1024 V) depends on the test voltage selected. Each divider comprises two cascaded, independently shielded sections: a range resistor and a shunt resistor. The two sections can be calibrated together as a voltage divider or separately as resistors. This provides flexibility in testing. The voltage divider circuits, special shielding and product integration were all designed by UTE [5] [6] . The circuit components and PTFE boards were purchased by Inmetro and transported to UTE for final assembly and calibration.
E. Current Shunt
There are 12 current shunts to be used one at a time whose nominal value (20 mA, 50 mA, 100 mA, 200 mA, 0.5 A, 1 A, 2 A, 5 A, 10 A, 20 A, 50 A and 100 A) depends on the test current selected [7] . The design of the 0.5 A -20 A shunts was modeled in [8] . The circuit components were purchased by Inmetro and the PCBs manufactured in Brazil, being transported to INTI for final assembly and calibration.
F. Dual-channel Digitizer
A high-resolution, digital sampling system based on a Sigma-Delta A/D converter was developed and characterized. The system was modified to accommodate two synchronized channels [9] . The circuits and PCBs were designed by INTI. The circuit components were purchased by Inmetro and the PCBs manufactured in Brazil, all being transported to INTI for final assembly and integration.
IV. PROJECT MANAGEMENT
The project is coordinated by Inmetro, who is responsible for purchasing and transporting the components and parts needed to the assembly of the measuring systems, in each participating country.
The project activities include: circuit design, PCB layout, electronic packaging, software and firmware, measuring system integration and testing, and calibration certificates of resistive voltage dividers and current shunts.
V. CONCLUSION
The testing of some of the system modules will be performed in the following months and experimental results will be presented at the conference. 
